In 1980, we developed a specially designed brace for treating supracondylar fractures of the humerus in children, along with an easy and safe technique of reduction by skeletal traction. This method, which takes into consideration only the medial tilting and anterior angulation of the distal fragment, achieves complete reduction, ignoring any lateral, posterior and minor rotational displacements of the fragment. Skeletal traction is applied through a screw inserted into the olecranon and the angulation at the fracture site is reduced regardless of the anatomical position without manipulation.
In 1980, we developed a specially designed brace for treating supracondylar fractures of the humerus in children, along with an easy and safe technique of reduction by skeletal traction. This method, which takes into consideration only the medial tilting and anterior angulation of the distal fragment, achieves complete reduction, ignoring any lateral, posterior and minor rotational displacements of the fragment. Skeletal traction is applied through a screw inserted into the olecranon and the angulation at the fracture site is reduced regardless of the anatomical position without manipulation.
We treated 193 children with displaced supracondylar fractures of the humerus using this method between 1980 and 2001. Only four children (2%) developed cubitus varus. The majority obtained an excellent range of movement at the elbow; one had a 25˚ limitation of flexion. This technique is an effective and easy method of treating supracondylar fractures of the humerus in children.
Supracondylar fracture of the humerus in children can usually be treated successfully with a good prognosis. Treatment should, if possible, be atraumatic and minimise the stress on the children. The unsightly deformity of cubitus varus which results from medial tilting of the distal fragment should be avoided. [1] [2] [3] [4] [5] [6] It can be difficult, however, to obtain and maintain an anatomical reduction of the shape of the distal humerus. When the fracture is unstable, cubitus varus cannot always be prevented.
Before 1980, our department used several different methods of treatment including manual reduction (cast immobilisation), traction and open reduction, but the incidence of cubitus varus was high, reaching nearly 50%. Traction appeared to be a promising method so in 1980 we devised a skeletal traction brace for children with these fractures (Fig. 1) . Reduction by this method relies solely on the application of the brace and traction. No manipulative reduction is undertaken.
Patients and Methods
Patients. Between 1980 and 2001, we treated 193 children with displaced supracondylar fracture of the humerus using a skeletal traction brace. There were 130 boys and 63 girls. The fracture occurred in the left humerus in 127 and 66 in the right. The mean age was 6.1 years (2 to 14). The highest incidence was at six years. According to the classification of fractures by Smith, 7 28 were slightly displaced (type B), 40 were moderately displaced (type C) and 125 were seriously displaced (type D). In addition to this classification, fractures in which the distal fragment had displaced laterally or tilted to a valgus position were classified as valgus type based on the anteroposterior (AP) radiographs. Fractures in which the distal fragment had displaced medially or had tilted into a varus position were classified as varus Skeletal traction using a) a brace with b) a winged screw inserted into the olecranon and c) a spring to generate a tension of 1.47 kg for 1 cm of shortening.
type. Of 193 fractures, 103 were classified as valgus type, and 90 as varus (Fig. 2) . The mean follow-up period was 3.25 years (0.67 to 14). All children had extension fractures, except one who had a flexion fracture. Brace. The brace which is made of plastic and aluminium alloy, is strong and radiolucent. Its axillary pad is adjustable by sliding the humeral bar up or down to suit the length of the child's arm. Traction is applied to the fracture site using the axilla for support by inserting a winged screw with a spring into the olecranon. When the brace is in place, held by a bandage, the patient is fully ambulant, and radiographs are easily taken (Fig. 3) . The stable position of the fracture in the brace allows accurate assessment of the reduction of the displaced fragments, and facilitates the measurement of Baumann's angle. 8, 9 We normally insert the winged screw under local anaesthetic. Before insertion, we make a small hole in the olecranon manually using a gimlet.
Our method aims to stabilise the fracture with the brace and to apply constant traction (usually with a force of 2.2 kg for 1.5 cm of shortening) to the fractured humerus using the screw in the olecranon, so that reduction of the fragments can occur spontaneously. Traction is applied for three to four weeks until stable union is achieved. Throughout treatment, we take care to reduce any medial tilting of the distal fragment in the AP plane. It is also important to obtain good reduction of the anterior angulation (Fig. 4) . After removal of the brace the elbow is immobilised in a splint at a right angle for another week to ensure consolidation. Instead of passive exercises, we encourage the children to play with a yo-yo.
Results
Of the 193 children, 62 (32%) obtained the same carrying angle and 57 (30%) a greater carrying angle than on the normal side (mean 2.8˚, 1 to 9). In 74 children (38%), the carrying angle was reduced compared with the normal side (mean -3.6˚, -1 to -26). In 56 of 90 patients (62.2%) with a varus type fracture the carrying angle was decreased. This was statistically significant (p < 0.01). However, in 51 of 103 patients (49.5%) with a valgus type fracture the carrying angle was increased. This was not statistically significant (p = 0.83) (Fig. 5 ). As shown in Figure 6 , there was no final difference in the range of extension of the elbow between the injured and normal sides (p = 0.9784), but the range of flexion on the injured side was significantly decreased (p < 0.0001).
Only four children developed cubitus varus (carrying angle; mean -15.8˚, -2 to -26). In two, this was because of errors in the direction of the traction; and in two, insufficient traction was applied. According to the criteria of Flynn, Matthews and Benoit, 10 of the 136 children with a carrying angle loss, 130 had an excellent, four a good (including two with cubitus varus) and two a poor outcome. Functionally, 178 children had an excellent outcome, three a fair, and one, with a 25˚ limitation of flexion, a poor outcome.
Of the 38 children (20%) who had associated peripheral nerve injuries, 15 were radial nerve injuries, 14 were median, three were ulnar, five were radial and median, and one was radial and ulnar. Neurological symptoms were noted immediately after injury and none occurred during treatment. They were considered cured when sensory disturbance in the innervated area had disappeared and strength recovered to grade V. All had recovered in six weeks to eight months (mean four months) later. Eight (4%) developed contact dermititis due to the rubber on the brace. Eight children (4%) had ipsilateral forearm fractures which were treated by closed reduction and splintage with a brace. The final range of movement of the forearm and wrist was good. No child developed Volkmann's contracture or ectopic ossification.
Lateral and posterior displacement persisted in some of the 125 patients with complete Type D displacement. It The range of movement of the elbow joint is almost the same as for the normal arm in extension, but significantly decreased in flexion (non paired t-test).
was, however, within the range of functional reduction and caused no functional or cosmetic complication.
Discussion
Supracondylar fractures of the humerus in children have been treated by various methods, including manipulation and immobilisation, [11] [12] [13] continuous traction, 1, 6, 12, [14] [15] [16] [17] [18] percutaneous pinning 10, 11, 17, 19, 20 and open reduction.
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Clinical results appear generally good using any of these approaches. Percutaneous pinning is the most widely used technique for displaced fractures, although damage to the ulnar nerve is an occasional complication. 25, 26 Cubitus varus remains a complication of certain types of supracondylar fracture. This should be preventable, because it results from medial tilting of the distal fragment and malunion. As the supracondylar portion of the humerus has the deeply indented olecranon fossa on its dorsal side, fractures of this area are difficult to reduce and maintain. 5 In particular, when the distal fragment is small, medially displaced and comminuted, it is difficult to retain in an anatomical position and this leads to cubitus varus.
Our brace is well suited to such a fracture. It stabilises the fracture, and traction reduces the medial tilting of the distal fragment and prevents re-displacement. The reduction mechanism in the AP plane can be explained (Fig. 7a) . When the distal fragment remains tilted medially, the traction (W), exerted by the winged screw through its medial hole, generates a force (T) to reduce the medially tilted fragment. T 1 represents the product of traction (W) and sin θ, while the moment of T 1 and length (L) yields a reductive force. Initially, T 1 acts on the fractured bone, even if the medial side of distal fragment is comminuted and has no contact. T 2 acts to prevent re-displacement by medial tilting. As the humeral periosteum is presumed to be intact on the medial side, traction (W) can be adjusted to a suitable strength, with no fear of over-correction, so as to bring Baumann's angle (α) in the fractured humerus to that seen in the normal one, and to prevent the development of cubitus varus. In the lateral plane (Fig. 7b) , the traction on the elbow flexed at 90˚ generates a force (T) which draws the fragment anteriorly, with the axillary pad as a fulcrum. As on the AP plane, T 1 is the product of traction (W) and sin θ and correct anterior angulation. T 2 acts to maintain the reduction. As the force is borne by the belt on the upper arm, counter-traction develops in the belt, which corrects for any anterior angulation of the distal fragment as similar to that for the AP plane. If some posterior displacement and anterior angulation remain, we often use a rubber band with a hook to connect to the winged screw to pull the fragment forward. The periosteum, although extensively detached from the posterior aspect of the humerus, remains intact and can thus safely be subjected to strong traction without fear of over-correcting the fracture.
Our method concentrates on the reduction of medial tilting and anterior angulation; lateral, posterior and rotational displacement is ignored. Also manipulative reduction is never used. Therefore, mild lateral, posterior and rotational displacement may persist. The reduction is not thus truly anatomical, but remodelling at the fracture site satisfactorily corrects the lateral and posterior displacements, as confirmed by radiography. 12, 18, [27] [28] [29] Lateral and posterior displacement persisted in some patients with complete type D displacement. It, however, caused no functional or cosmetic complications. Extensive remodelling can take place as shown in Figures 8 and 9 . In our experience, satisfactory remodelling can take place in a) The mechanism for reduction of medial tilting, and b) the mechanism for reduction of anterior angulation (T, Wsin θ; α, Baumann angle).
children up to the age of 12 years in whom the epiphyseal line remains open. The decreased range of flexion of the injured elbow was due to insufficient reduction of the tilting angle in extension fractures. The significant decrease in the carrying angle in many patients with the varus type and the non-significant increase in patients with the valgus type fracture was probably because maintaining the reduced position is difficult as the supracondylar column is narrow. In particular, because the medial column has less bony mass and is smaller than the lateral column, the medial column may be more comminuted, and this is a cause of a decreased carrying angle. 18 It is necessary to pay attention to this, because cubitus varus may arise as a complication in children in whom the carry- Lateral radiographs showing remodelling in a six-year-old girl (apposition 0%). a) At injury, and b) ten days, c) eight weeks, d) nine months and e) six years after injury.
THE JOURNAL OF BONE AND JOINT SURGERY ing angle is small, as in the varus type. These residual displacements, however, were slight, and acceptable functionally and cosmetically in all children, except four with cubitus varus and one with limited elbow flexion. Brücke 30 has previously reported a method for treating this fracture with a brace. His method is based on skin traction through the forearm using a spring. Høyer 31 also devised a brace for skeletal traction by means of a rubber band, with the shoulder held in abduction. These methods appear to be essentially different from ours in that they include manipulative reduction.
Our method reduced medial tilting and anterior angulation in children with a supracondylar fracture of the humerus. We applied our brace to 193 children with displaced fractures and obtained satisfactory results. Cubitus varus was noted only in four children (2%), and the final range of movement of the elbow joint was satisfactory.
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